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CHAPTER H 



TRANSMITTAL LETTER 
TO THE UNITED STATES ELECTED OFFICE (EO/US) 
(ENTRY INTO U.S. NATIONAL PHASE UNDER CHAPTER II) 

prT/TPOO/OSSS? 71 August 2000 70 August 1999 

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED 

METHOD ANn app ar ATT I S fot? pkot TFFR ATTNG HFPATTTTS VIRUS 

TITLE OF INVENTION 

Rf>ighi TnIAOAMORI _ — 

APPLICANTS 



Box PCT 

Assistant Commissioner for Patents 
Washington D.C. 20231 

ATTENTION: EO/US 

NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 months from 
the priority date. (I) a copy of the international application, unless it has been previously communicated by the 
International Bureau or unless it was originally filed in the USPTO; and (2) the basic national fee (see 37 C.F.R. § 
I 492(a)). The 30-month time limit may not be extended. 37 C F.R. § 1 495 

WARNING: Where the items are those which can be submitted to complete the entry of the international application into 

the national phase are subsequent to 30 months from the priority date the application is still considered to 
be in the international state and if mailing procedures are utilized to obtain a date the express mail 
procedure of 37 C.F.R. §1.10 must be used (since international application papers are not covered by an 
ordinary certificate of mailing - See 37 C.F.R. §1 .8. 

NOTE' Documents and fees must be clearly identified as a submission to enter the national state under 35 USC 371 otherwise 
the submission will be considered as being made under 35 USC III. 37 CF R. § 1 .494(f). 



CERTIFICATION UNDER 37 C.F.R. § 1.10* 
(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 

I hereby certify that this paper, along with any document referred to, is being deposited with the United States Postal Service on this 
date February 70, 7007 in an envelope as "Express Mail Post Office to Addressee " mailing Label Number EL932680825US, 

addressed to the: Assistant Commissioner for Patents, Washington, D C. 20231 . 

^{J^OA^^(Y\Q 

(type or print name of person mailing paper) 

Susan M Dillon _ 

Signature of person mailing paper 
WARNING: Certificate of mailing (first class) or facsimile transmission procedures of37C.FR§l8 cannot be used to obtain a date 

of mailing or transmission for this correspondence. 
WARNING: Each paper or fee filed by 'Express Mail" must have the number of the "Express Mail" mailing label placed thereon 

prior to mailing. 37 C.E.R. § 1. 10(b). 

"Since the filing of correspondence under § 1. 10 without the Express Mad mailing label thereon is an oversight that can 
be avoided by the exercise of reasonable care, requests for waiver of this requirement will not be granted on petition " 
Notice of Oct 24, 1996. 60 Fed Reg. 56.439, at 56.442. 
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1. Applicant herewith submits to the United States Elected Office (EO/US) the following items 
under 35 U.S.C. 371: 

a. [X] This express request to immediately begin national examination procedures (35 

U.S.C. 371(f)). 

b. [X] The U.S. National Fee (35 U.S.C. 371(c)(1)) and other fees (37 C.F.R. § 1 .492) 

as indicated below: 



2. Fees 



CLAIMS 
FEE 


(1) FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULATIONS 


t r 


TOTAL CLAIMS 


24 - 20 = 


4 


x $ 18.00 = 


$72.00 




INDEPENDENT 
CLAIMS 


4-3 = 


1 


x $84.00 = 


$84.00 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $270.00 


$280.00 


BASIC 
FEE** 


[ ] U.S. PTO WAS INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where an International preliminary examination fee as set forth in § 
1 .482 has been paid on the international application to the U.S. PTO: 
[ ] and the international preliminary examination report states 
that the criteria of novelty, inventive step (non- 
obviousness) and industrial activity, as defined in PCT 
Article 33(2) to (4) have been satisfied for all the claims 
presented in the application entering the national stage (37 

CFR 1.492(a)(4)) .$100.00 

[ ] and the above requirements are not met (37 CFR 

1.492(a)(1)) $710.00 


$890.00 




[X] U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1 .482 has been paid to the USPTO, and payment of an 
international search fee as set forth in § 1 .445(a)(2) to the U.S. 
PTO: 

[ ] has been paid (37 CFR 1 .492(a)(2)) $740.00 

[ ] has not been paid (37 CFR 1 .492(a)(3)) $1040.00 

[X] where a search report on the international application has 
been prepared by the European Patent Office or the 
Japanese Patent Office (37 CFR 1 .492(a)(5)) $890.00 






Total of above Calculations 


= $1,326.00 


SMALL 
ENTITY 


Reduction by l / 2 for filing by small entity, if applicable. Affidavit must be filed, 
(note 37 CFR 1.9, 1.27, 1.28) 


- $ 




Subtotal 


$1,326.00 




Total National Fee 


$1,326.00 




Fee for recording the enclosed assignment document $40.00 (37 CFR 1 .21 (h)). 
(See Item 13 below). See attached "ASSIGNMENT COVER SHEET*. 


$0 


TOTAL 


Total Fees enclosed 


$1,326.00 



i. [X] A check in the amount of £1326 00 to cover the above fees is enclosed. 

ii. [ ] Please charge Account No in the amount of $ 

A duplicate copy of this sheet is enclosed. 
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** WARNING: "To avoid abandonment of the application the applicant shall furnish to the United States Patent and 
Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) the basic 
national fee (see § 1.492(a)) The 30-month time limit may not be extended. " 37 C.F.R. § 1.495(b). 

WARNING If the translation of the international application and/or the oath or declaration have not been 

submitted by the applicant within thirty (30) months from the priority date, such requirements may be 
met within a time period set by the Office. 37 C.F R § 1.495(b)(2). The payment of the surcharge set 
forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than thirty (30) 
months after the priority date. The payment of the processing fee set forth in § 1.492(f) is required for 
acceptance of an English translation later than thirty (30) months after the priority date Failure to 
comply with these requirements will result in abandonment of the application. The provisions of§ 1.136 
apply to the period which is set Notice of Jan. 3, 1993, 1147 O G. 29 to 40. 

3. [X] A copy of the International application as filed (35 U.S.C. 371(c)(2)): 

NOTE' Section 1.495 (b) was amended to require that the basic national fee and a copy of the international application 
must be filed with the Office by 30 months from the priority date to avoid abandonment "The International 
Bureau normally provides the copy of the international application to the Office in accordance with PCT Article 
20. At the same time, the International Bureau notifies applicant of the communication to the Office. In 
accordance with PCT Rule 47.1, that notice shall be accepted by all designated offices as conclusive evidence that 
the communication has duly taken place. Thus, if the applicant desires to enter the national stage, the applicant 
normally need only check to be sure the notice from the International Bureau has been received and then pay the 
basic national fee by 30 months from the priority date. " Notice of Jan. 7, 1993, 1 147 O.G. 29 to 40, at 35-36. See 
item 14c below. 

a. [ ] is transmitted herewith. 

b. [ ] is not required, as the application was filed with the United States Receiving 

Office. 

c. [X] has been transmitted 

i. [X] by the International Bureau. 

Date of mailing of the application (from form PCT/IB/308): March 1, 2001 

ii. [ ] by applicant on . 

Date 

4. [X] A translation of the International application into the English language (35 U.S.C. 

371(c)(2)): 

a. [X] is transmitted herewith. 

b. [ ] is not required as the application was filed in English. 

c. [ ] was previously transmitted by applicant on . 

Date 

d. [ ] will follow. 

5. [X] Amendments to the claims of the International application under PCT Article 19 (35 

U.S.C. 371(c)(3)): 

NOTE The Notice of January 7, 1993 points out that 37 C.F.R. § 1 495(a) was amended to clarify the existing and 

continuing practice that PCT Article 19 amendments must be submitted by 30 months from the priority date and 
this deadline may not be extended. The Notice further advises that: "The failure to do so will not result in loss of 
the subject matter of the PCT Article 19 amendments. Applicant may submit that subject matter in a preliminary 
amendment filed under section 1.12 L In many cases, filing an amendment under section 1.121 is preferable since 
grammatical or idiomatic errors may be corrected " 1 147 O G 29-40, at 36. 

a. [ ] are transmitted herewith. 

b. [ ] have been transmitted 

i. [ ] by the International Bureau. 

Date of mailing of the amendment (from form PCT/IB/308): . 
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ii. [ ] by applicant on 

Date 

c. [X] have not been transmitted as 

i. [X] applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210): Nov. 28, 2000 

ii. [ ] the time limit for the submission of amendments has not yet expired. 

The amendments or a statement that amendments have not been 
made will be transmitted before the expiration of the time limit under 
PCT Rule 46.1. 

6. [X] A translation of the amendments to the claims under PCT Article 19 (38 U.S.C. 

371(c)(3)): 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the amendments were made in the English language. 

c. [X] has not been transmitted for reasons indicated at point 5(c) above. 

7. [X] A copy of the international examination report (PCT/EPE A/409) 

[X] is transmitted herewith. 

[ ] is not required as the application was filed with the United States Receiving 
Office. 

8. [X] Annex(es) to the international preliminary examination report 

a. [X] is/are transmitted herewith. 

b. [ ] is/are not required as the application was filed with the United States 

Receiving Office. 

9. [ ] A translation of the annexes to the international preliminary examination report 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the annexes are in the English language. 

10. [X] An oath or declaration of the inventor (35 U.S.C. 371(c)(4)) complying with 35 

U.S.C. 115 

a. [ ] was previously submitted by applicant on 

Date 

b. [ ] is submitted herewith, and such oath or declaration 

i. [ ] is attached to the application. 

ii. [ ] identifies the application and any amendments under PCT Article 19 

that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 37 
C.F.R. 1.70. 

iii. [X] will follow. 

Other document(s) or information included: 

11. [X] An International Search Report (PCT/ISA/2 1 0) or Declaration under PCT Article 

17(2)(a): 

a. [X] is transmitted herewith. 

b. [ ] has been transmitted by the International Bureau. 

Date of mailing (from form PCT/IB/308): . 

c. [ ] is not required, as the application was searched by the United States 

International Searching Authority. 

d. [ ] will be transmitted promptly upon request. 
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[ ] 



has been submitted by applicant on 



Date 



14. [X] 
a. 
b. 

c. 

d. 



15. [X] 
a. 
b. 

16. [ ] 



An Information Disclosure Statement under 37 C.F.R. 1.97 and 1.98: 
[X] is transmitted herewith. 

Also transmitted herewith is/are: 

[X] Form PTO-1449 (PTO/SB/08A and 08B). 

[X] Copies of citations listed. 
[ ] will be transmitted within THREE MONTHS of the date of submission of 

requirements under 35 U.S.C. 371(c). 
[ ] was previously submitted by applicant on . 



An assignment document is transmitted herewith for recording. , ; 

arate [ ] "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPANYING 
PATENT APPLICATION" or [ ] FORM PTO 1595 is also attached. i 1 



Additional documents: ; ' ' 

[X] Copy of request (PCT/RO/101) a 

[X] International Publication No. WO 01/14 51 7 I 

i. [X] Specification, claims and drawing 

ii. [ ] Front page only 

[ ] Preliminary amendment (37 C.F.R. § 1.121) 

[X] Other J 

P CT /R O/1 05 

PC T/I SA/202 

PCT/TR/301 

PCT/TB/304 

PCT/TB/306 

PCT/IR/308 

PCT/mm? 

PC T/T PKA/ 40 1 . 

PCT/I P E A/ 40 2 

Sequence Listing (paper copy and diskette containing same) 

Article Amendment and English Translation 

Notification of Change of Address 

Notification of Change of Person 

Reply to W ritten O pinon 

The above checked items are being transmitted 

[X] before 30 months from any claimed priority date. 

[ ] after 30 months. 

Certain requirements under 35 U.S.C. 371 were previously submitted by the 
applicant on , namely: 



Date 
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AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges if extra 

claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent or future 
reply, requiring a petition for an extension of time under this paragraph for its timely submission, as 
incorporating a petition for extension of time for the appropriate length of time. An authorization to charge all 
required fees, fees under § U7, or all required extension of time fees will be treated as a constructive petition for 
an extension of time in any concurrent or future reply requiring a petition for an extension of time under this 
paragraph for its timely submission Submission of the fee set forth in §1.1 7(a) will also be treated as a 
constructive petition for an extension of time in any concurrent reply requiring a petition for an extension of time 
under this paragraph for its timely submission. " 37 C.F.R § 1 1 36(a)(3). 

NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable 

time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check 
or, if requested, by credit to a deposit account " 37 C.F.R. § 1 26(a). 

[X] The Commissioner is hereby authorized to charge the following additional fees that 
may be required by this paper and during the entire pendency of this application to 
Account No. 04-1105. „ 

[X] 37 C.F.R. 1 .492(a)(1), (2), (3), and (4) (filing fees) 

WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F.R: § 1 .495(b)(2)) 

results in abandonment of the application, it would be best to always check the above box. 

[X] 37 C.F.R. 1 .492(b), (c) and (d) (presentation of extra claims) 

NOTE- Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must 

only be paid or these claims cancelled by amendment prior to the expiration of the time period set for response by 
the PTO in any notice of fee deficiency (37 C.F.R. § 1.492(d)), it might be best not to authorize thePTO to charge 
additional claim fees, except possible when dealing with amendments after final action. < 

[X] 37 C.F.R. 1.17 (application processing fees) 
[X] 37 C.F.R. 1.17(a)(l)-(5)(extension fees pursuant to § 1.136(a). 
[ ] 37 C.F.R. 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. 1 .3 1 1(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice 
of Allowance, the issue fee will be automatically charged to the deposit account at the time of mailing the notice 
of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must be filed in 
the application . . prior to paying, or at the time of paying . . . issue fee. " From the wording of 37 C.F R. § 
1.28(b): (a) notification of change of status must be made even if the fee is paid as "other than a small entity" and 
(b) no notification is required if the change is to another small entity 



[ ] 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration and/or 
filing an English translation of an International Application later than 30 
months after the priority date). 
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Peter F. Corless 

(type or print name of practitioner) 

EDWARDS & ANGELL, LLP 
P.O. Bo x 91 69 

P.O. Address 

Boston ^ MA 02209 
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Practitioner's Docket No 5697? (715 7,6) PA TENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Seishi NAGAMORI 

Serial No.: Not Yet Assigned 

[Express Mail Label No. EL 932580825US] 

Filed: Herewith 

For: METHOD AND APPARATUS FOR PROLIFERATING HEPATITIS 

VIRUS 



ASSISTANT COMMISSIONER OF PATENTS 
WASHINGTON, DC 20231 

SIR: 

STATEMENTS IN SUPPORT OF FILING AND 
SUBMISSIONS IN ACCORDANCF WTTH 37 CFR §§1.821 - 1.825 

In accordance with 37 CFR §§1.821 - 1 .825, I hereby state that the content of the paper, 
computer-readable copies of the sequence listing submitted in accordance with 37 CFR §1.82 1(c) 
and (e), respectively, are the same. 




Peter F. Corless (Reg. 33,860) 
EDWARDS & ANGELL, LLP 
P.O. Box 9169 
Boston, MA 02109 



Date: February 20, 2002 (617)439-4444 
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SEQUENCE LISTING 

<110> Seishi NAGAMORI 

<12 0> NI COTI ANAMINE SYNTHASE AND GENE ENCODING 
THE SAME 

<130> 56972 (71526) 

<150> PCT/JP00/05582 
<151> 2000-08-21 

<150> 11-233647/1999 
<151> 1999-08-20 

<160> 5 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for synthesizing cDNA of hepatitic C 
virus by reverse transcription 

<400> 1 

aacactactc ggctagcagt 20 

<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for amplifying by PCR hepatitis C 
virus cDNA 

<400> 2 

ctgtgaggaa ctactgtctt 20 



<210> 3 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> primer used for amplifying by PCR hepatitis C 
virus DNA 

<400> 3 

aacactactc ggctagcagt 20 

<210> 4 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for amplifying by PCR hepatitis C 
virus cDNA 

<400> 4 

ttcacgcaga aagcgtctag 20 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for amplifying by PCR hepatitis C 
virus cDNA 



<400> 5 
gttgatccaa gaaaggaccc 



20 
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DESCRIPTION 



METHOD AND APPARATUS FOR PROLIFERATING HEPATITIS VIRUS 



Technical Field 

The present invention relates to a method for proliferating hepatitis viruses for 
example hepatitis type C virus (HCV), and an apparatus therefor. 
Background of the Invention 

The cDNA of HCV was cloned in 1989 and since then, the structure and 
processing mechanism thereof have been elucidated, using various expression systems 
actively. Consequently, very effective diagnostic systems have been developed, so 
that post-blood transfusion hepatitis due to HCV has virtually been under control 
currently in Japan. 

As described above, the overall profile of HCV has increasingly been revealed, 
but research works on HCV at the genetic level have preceded. Therefore, 
fundamental research works for the elucidation of the biology and oncogenesis 
mechanism of HCV, including for example virus replication, particle formation and 
mutagenesis, have not made a progress yet or therapeutic methods with medications 
such as HCV vaccine, protease inhibitors or antisense have not yet been developed. 
This is due to the absence of any HCV proliferation system outside biological 
organisms. It is very difficult to proliferate HCV in hepatocyte during culture. No 
success in such proliferation has been reported yet. Therefore, currently, not any 
approach except for the use of chimpanzee now exists for the research works. 
However, the use costs very expensive, involving problems in terms of individual 
difference and reproducibility. Additionally, the use has some limitation from the 

1 
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respect of animal protection. Based on such background, it has been desired to 
establish a proliferation system of hepatitis viruses such as HCV, using a cell under 
culture, independently on clinical trials or animal experiments. 

Disclosure of the Invention 

It is a purpose of the invention to provide a method for proliferating hepatitis 
viruses such as HCV, using hepatocyte under culture. Further, the invention provides 
a method for culturing a cell with low adhesivity, such as hepatocyte, outside biological 
organisms, at a mass scale in a three dimension for a long term. Still further, the 
invention provides a method for proliferating hepatitis viruses such as HCV. 

The inventors have found as the outcome of intensive research works that 
hepatitis viruses such as HCV can be proliferated by culturing hepatocyte in a culture 
apparatus for allowing a liquid culture medium to flow in a culture vessel placing 
therein a carrier capable of immobilizing thereon the hepatocyte, for example a radial 
flow type bioreactor, allowing the hepatocyte to be infected with HCV, and continuing 
the culture of the hepatocyte. 

In other words, the invention relates to a method for proliferating a cell with 
low adhesivity, such as hepatocyte, at a mass scale at a high efficiency for a long term, 
where the method is characterized by making a liquid culture medium flow around the 
periphery of a carrier being placed in a culture vessel and capable of immobilizing 
thereon the cell with low adhesivity, for example hepatocyte, and then immobilizing the 
cell with low adhesivity on the carrier and thereby proliferating the cell. Further, the 
invention relates to a method for proliferating hepatitis virus, where the method is 
characterized by making a liquid culture medium flow around the periphery of a carrier 
being placed in a culture vessel and capable of immobilizing thereon a cell with low 

2 



ri, oci «**3*3 m.is ui o :? 5 01 :i/o 



adhesivity, for example hepatocyte, and then immobilizing the cell with low adhesivity 
on the carrier and thereby proliferating the cell to permit the cell under culture to be 
infected with hepatitis virus. 

In more detail, the invention relates to a method for proliferating hepatitis virus, 
where the method is characterized by allowing hepatocyte under culture in a culture 
apparatus which permits a liquid culture medium to flow from the periphery of a culture 
vessel placing therein a carrier immobilizing thereon the hepatocyte toward the center 
thereof, to be infected with hepatitis virus. Additionally, the invention relates to an 
apparatus for proliferating hepatitis virus, and a hepatitis virus proliferated by the 
method of the invention. 

Still more specifically, the invention provides a method for proliferating 
hepatitis virus, where the method is characterized by allowing hepatocyte maintained in 
a radial flow type hepatocyte bioreactor to immobilize the hepatocyte on a particulate 
porous carrier therein and permit a liquid culture medium to flow from the periphery of 
the main bioreactor unit toward the center thereof, to be infected with hepatitis virus, 
and continuously allowing the liquid culture medium to flow from the periphery of the 
main bioreactor unit toward the center thereof to culture the hepatocyte to thereby 
proliferate the infectious hepatitis virus in the hepatocyte. Still additionally, the 
invention provides an apparatus for proliferating hepatitis virus, the apparatus 
containing a radial flow type hepatocyte bioreactor including a main bioreactor unit 
capable of permitting a liquid culture medium to flow from the periphery thereof toward 
the center thereof, a liquid culture medium supply conduit for supplying a liquid culture 
medium to the periphery of the main bioreactor unit, a particulate porous carrier placed 
in the inside of the main bioreactor unit to immobilize hepatocyte thereon, and a liquid 
culture medium discharge conduit positioned in the inside of the main bioreactor unit, 

3 



for discharging the liquid culture medium from the main bioreactor unit. 

As the hepatitis virus of the invention, any hepatitis virus with which the cell of 
liver can be infected and which is thereby proliferated, is satisfactory and preferably 
includes so-called hepatitis viruses such as HCV, HBV, and HEV and Dengue fever 
virus with a potency of hepatocyte infection. As the cell with low adhesivity in 
accordance with the invention, additionally, cells with low adhesivity to carriers in a 
culture vessel, which have been believed to possibly involve difficulty in 
three-dimensional culture on the carriers according to the related art, are satisfactory 
and preferably include for example hepatocyte. 

According to the method of the invention, hepatitis virus such as HCV can be 
recovered after the virus is proliferated in the discharged liquid culture medium. As 
described above, the invention provides for the first time a method for efficiently 
proliferating hepatitis virus such as HCV outside biological organisms, using the cell 
under culture. 

Thus, the invention makes great contributions to the estimation of the effect of 
interferon for use in previous therapeutics and the development of vaccines against 
hepatitis virus such as HCV, the preparation of anti-HCV antibodies, and the 
development of therapeutic agents against hepatitis virus such as HCV, including for 
example protease inhibitors, polymerase inhibitors and antisense drugs, and the like. 

Brief Description of the Drawings 
Fig. 1 depicts the longitudinal view and cross sectional view of a radial flow 
type bioreactor as one example of the culture apparatus for use in the method of the 
invention. 

Fig. 2 is a view schematically depicting an example of the culture system of the 
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invention. 

Fig. 3 depicts the changes of temperature (°C), oxygen concentration (ppm) 
and albumin concentration Og/ml) (Fig. 3(A)) in a culture system using a serum-added 
liquid culture medium, the results of the detection of HCV in the discharged liquid 
culture medium (Fig. 3(B)), and the changes of GPT (IU/1), GOT (IU/1) and LDH (IU/1) 
in the liquid culture medium (Fig. 3(C)). 

In Fig. 3 (A), open circle symbol (O) represents temperature (°C); solid circle 
symbol (•) represents oxygen concentration (ppm); and open square symbol (□) 
represents albumin concentration (|Ag/ml). The temperature (°C) and oxygen 
concentration (ppm) are depicted on the left scales, while the albumin concentration 
((Lig/ml) is depicted on the right scale. The period in day is shown on the crosswise 
axis. 

In Fig. 3 (B), open circle symbol (O) represents RNA titer (logio copy 
number/ml); open square symbol (□) represents that HCV core protein is negative; and 
solid square symbol (■) represents that HCV core protein is positive. The culture 
period in day is shown on the crosswise axis. 

In Fig. 3 (C), solid circle symbol (•) represents GPT (IU/1); open circle 
symbol (O) represents GOT (IU/1); and open square symbol (□) represents LDH (IU/1). 
GPT (IU/1) and GOT (IU/1) are depicted on the left scales, while LDH (IU/1) is depicted 
on the right scale. The period in day is depicted on the crosswise axis. 

Fig. 4 depicts the changes of temperature (°C) and oxygen concentration (ppm) 
(Fig. 4(A)) in a culture system using a serum-free liquid culture medium, the results of 
the detection of HCV in the discharged liquid culture medium (Fig. 4(B)), and the 
changes of GPT (IU/1), GOT (IU/1) and LDH (IU/1) in the liquid culture medium (Fig. 
4(C)). 



In Fig. 4 (A), open circle symbol (O) represents temperature (°C) and solid 
circle symbol (•) represents oxygen concentration (ppm). The period in day is shown 
on the crosswise axis. 

In Fig. 4 (B), open circle symbol (O) represents RNA titer (logio copy 
number/ml); open square symbol (□) represents that HCV core protein is negative; and 
solid square symbol (■) represents that HCV core protein is positive. The culture 
period in day is shown on the crosswise axis. 

In Fig. 4 (C), solid circle symbol (•) represents GPT (IU/1); open circle 
symbol (O) represents GOT (IU/1); and open square symbol (□) represents LDH (IU/1). 
GPT (IU/1) and GOT (IU/1) are depicted on the left scales, while LDH (IU/1) is depicted 
on the right scale. The period in day is depicted on the crosswise axis. 

Fig. 5 depicts the changes of temperature (°C), oxygen concentration (ppm) 
and albumin concentration (jig/ml) (Fig. 5(A)) in a culture system using a serum-free 
liquid culture medium in case of transfection with infectious clone RNA of type la in 
the bioreactor during culture, the results of the detection of HCV in the discharged 
liquid culture medium (Fig. 5(B)), and the changes of GPT (IU/1), GOT (IU/1) and LDH 
(IU/1) in the liquid culture medium (Fig. 5(C)). 

In Fig. 5 (A), open circle symbol (O) represents temperature (°C); solid circle 
symbol (•) represents oxygen concentration (ppm); and open square symbol (□) 
represents albumin concentration (^ig/ml). The temperature (°C) and oxygen 
concentration (ppm) are depicted on the left scales, while the albumin concentration 
(f^g/ml) is depicted on the right scale. The period in day is shown on the crosswise 
axis. 

In Fig. 5 (B), open circle symbol (O) represents RNA titer (logio copy 
number/ml); open square symbol (□) represents that HCV core protein is negative; and 
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solid square symbol (■) represents that HCV core protein is positive. The culture 
period in day is shown on the crosswise axis. 

In Fig. 5 (C), solid circle symbol (•) represents GPT (IU/1); open circle 
symbol (O) represents GOT (IU/1); and open square symbol (□) represents LDH (IU/1). 
GPT (IU/1) and GOT (IU/1) are depicted on the left scales, while LDH (IU/1) is depicted 
on the right scale. The period in day is depicted on the crosswise axis. 

Fig. 6 depicts the results of the assay of HCV RNA and HCV core protein in 
each of the fractions fractionated from the liquid culture medium on day 96 
post-transfection by a sucrose gradient method. In the graphs on the bottom in Fig. 6, 
open circle symbol (O) represents HCV RNA titer (logio copy number/ml) and solid 
open circle (•) represents the concentration (pg/ml) of HCV core protein. In the 
graph on the top in Fig. 6, solid square symbol (■) represents the density (g/ml) of the 
core protein. 

Fig. 7 depicts the results of the detection for a liquid culture medium with 
transfection with an infectious clone H77, on days 8 and 44 post-transfection, by RNase 
treatment and nest-RT PCR method. In Fig. 7, the liquid culture media on the 
previous day (day -1) of culture and on days 8 and 44 of culture, a control serum and a 
control RNA are shown from the left, individually in three lanes, namely a lane without 
RNase treatment (RNase-) and no nest-RT PCR treatment (RT-), a lane without RNase 
treatment (RNase-) but with nest-RT PCR treatment (RT+) and a lane with RNase 
treatment (RNase+) and nest-RT PCR treatment (RT+). The numerical figure on the 
top of Fig. 7 represents the period of culture in day; the symbols +- depicted on the top 
represent the presence (+) and absence (-) of the nest-RT PCR; and the symbols on the 
bottom represent the presence (+) and absence (-) of RNase treatment. The numerical 
figure in the longitudinal direction in Fig. 7 represents the number of bases (-mer). 
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Fig. 8 is a figure depicting the results of the detection of minus-strand RNA in 
the cell on day 110 after the transfection with the infectious clone H77 by 
strand-specific RT-PCR method using a tag. In Fig. 8, M depicts marker; N in the lane 
1 depicts control with cell (-) and in the absence of any negative strand RNA or positive 
strand RNA; (-) RNA in the lane 2 represents the case with addition of negative strand 
RNA, while (+) RNA in the lane 3 represents the case with addition of positive strand 
RNA. Cell in the lane 4 represents the case of HCV-infected cell cultured in RFB. 
The numerical figure in the longitudinal direction in Fig. 8 represents molecular weight. 

Best Mode for Carrying out the Invention 

The culture apparatus for use in accordance with the invention is a culture 
apparatus capable of immobilizing hepatocyte on a carrier and allowing a liquid culture 
medium to flow in a culture vessel placing therein the carrier to thereby allow the liquid 
culture medium to consistently flow around the immobilized hepatocyte. The liquid 
culture medium may satisfactorily flow from any direction of the culture vessel. For 
example, the liquid culture medium may flow from the periphery of the culture vessel to 
the center thereof or from the bottom thereof to the top thereof or may flow in a 
combination mode thereof. Additionally, the carrier for immobilizing hepatocyte 
thereon may be any carrier capable of immobilizing culture cells thereon, with no 
specific limitation. Preferably, however, the carrier is a porous carrier. The material 
of the carrier includes glass and plastics. 

Preferable one of the culture apparatus of the invention includes radial flow 
type bioreactor. One example of the preferable radial flow type bioreactor of the 
invention is described with reference to a drawing. 

Fig. 1 schematically shows one example of the preferable radial flow type 
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bioreactor of the invention. The upper figure in Fig. 1 shows the longitudinal view of 
the radial flow type bioreactor, while the lower figure therein shows the cross sectional 
view of the radial flow type bioreactor. Radial flow type bioreactor 10 includes 
cylindrical, main bioreactor unit (culture vessel) 12. The outer periphery wall of the 
main bioreactor unit 12 is made of a porous material with numerous through-holes, and 
through these through-holes, the liquid culture medium can flow from the outside of the 
main bioreactor unit into the inside thereof. The diameters of the through-holes are 
smaller than that of the carrier particle described below and are of a dimension enough 
for the liquid culture medium to be supplied sufficiently into the inside of the bioreactor 
12. Generally, the diameters are about 20 to 80 ^m, preferably. Cylindrical casing 
14 is arranged for further enclosing the outer face of the main bioreactor unit 12 so that 
the cross section might form a concentric circle with the main bioreactor unit 12, while 
ring-like liquid culture medium supply conduit 16 is formed between the outer 
periphery wall of the main bioreactor unit 12 and the casing 14. On the bottom, the 
liquid culture medium supply conduit 16 is in communication with liquid culture 
medium supply pipe 18. In the center of the main bioreactor unit 12 is arranged liquid 
culture medium discharge pipe 20. The outer periphery wall of the liquid culture 
medium discharge pipe 20 is made of a porous material with numerous through-holes of 
the same dimension as for the main bioreactor unit 12, and the liquid culture medium 
can pass through the porous material but the carrier never passes through the porous 
material. 

Inside the main bioreactor unit 12 are further placed numerous porous carriers 
22 in particle. The material of the porous carrier preferably includes for example, but 
is not limited to, spherical porous glass bead. The diameter of the porous carrier 
includes, but is not limited to, preferably about 0.1 mm to 6 mm, particularly about 0.3 
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mm to 1.2 mm. Additionally, the pore diameter in the carrier preferably includes, but 
is not limited to, about 10 to 300 n-m, particularly about 20 to 120 \im. Additionally, 
the void ratio in the carrier particle is preferably, but is not limited to, about 30 to 70%, 
particularly about 40 to 60%. Such porous glass bead is commercially available under 
the trade name of Siran from Schott Glasswerk Co. Ltd., Germany. The commercially 
available product can preferably be used. Additionally, the density of the carrier 
particle placed in the main bioreactor unit 12 is not specifically limited. Preferably, 
the carrier particle is poured into the main bioreactor unit 12, as much as possible, under 
gravity force. 

The size of the radial flow type bioreactor is not specifically limited. The 
volume of the inside of the main bioreactor unit 12 is generally about 5 ml to several 
tens milliliters, but the volume may satisfactorily be outside the range. 

Then, a method for culturing hepatocyte using the radial flow type bioreactor 
as described above will be described. The flow of the liquid culture medium is 
depicted with the arrow in Fig. 1. More specifically, the liquid culture medium is 
supplied through the liquid culture medium supply pipe 18 into the liquid culture 
medium supply conduit 16 from the bottom thereof on the outer periphery of the main 
bioreactor unit 12. The liquid culture medium flows upward in the liquid culture 
medium supply conduit 16 to enter from the numerous through-holes arranged on the 
outer wall of the main bioreactor unit 12 into the inside of the main bioreactor unit 12. 
Then, the liquid culture medium flows toward the center of the main bioreactor unit 12 
therein, to enter from the numerous through-holes arranged on the liquid culture 
medium discharge pipe 20 into the liquid culture medium discharge pipe 20 and move 
upward in the liquid culture medium discharge pipe 20, so that the liquid culture 
medium is discharged from the top of the liquid culture medium discharge pipe 20 to 
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the outside of the main bioreactor unit 12. Herein, the liquid culture medium is 
supplied from the bottom of the radial flow type bioreactor shown in Fig. 1. Because 
it is only required for the liquid culture medium to flow from the outer periphery of the 
main bioreactor unit 12 to the center thereof, the liquid culture medium is structurally 
supplied from the top of the liquid culture medium supply conduit 16. Additionally, a 
part of the discharged liquid culture medium is again recycled and supplied as a liquid 
culture medium, preferably. More specifically, a combination of fresh one of the 
liquid culture medium and the liquid culture medium recycled is preferably used as the 
liquid culture medium. The mix ratio thereof is preferably automatically controlled 
that the ratio of daily glucose consumption (g/day)/oxygen consumption (g/day) might 
be 0.5 to 15, particularly about 3 to 10. 

The liquid culture medium herein used is of any composition, provided that the 
liquid culture medium can culture and proliferate hepatocyte. The liquid culture 
medium is satisfactorily a liquid culture medium containing essential components for 
cell culture, such as minerals, sugar, amino acid, peptide, vitamins, organic acid, nucleic 
acid, pH adjuster, and oxygen. For example, the minerals include NaCl, KC1, MgCl 2 , 
MgS0 4 , NaH 2 P0 4 , FeS0 4 -7H 2 0, ZnS0 4 -7H 2 0, CuS0 4 -5H 2 0 and the like. The amino 
acid and peptide include L-aspartate hydrochloride salt, L-alanine, alanyl-L-glutamine, 
L-aspartic acid, L-glutamate, glycine, glycyl-L-glutamine, L-isoleucine, L-lysine, 
L-phenylalanine, L-serine, L-ornithine, L-threonine, L-tryptophan, L-tyrosine, L-valine, 
insulin and the like. The sugar includes sugar and sugar alcohol, glycoside and the like, 
and includes for example D-glucose, D-mannose, D-galactose, and inositol. The 
organic acid includes free acids or organic acid derivatives such as esters, for example 
succinic acid, choline bitartrate, folic acid, sodium pyruvate and glycerophosphoric acid. 
The vitamins include pyridoxal hydrochloride, riboflavin and the like. The nucleic 

11 



acid includes uridine and the like. The pH adjuster includes NaOH, carbonate gas, 
NaHC0 3 and the like. 

Commercially available liquid culture media may be used as the liquid culture 
medium. Additionally, commercially available liquid culture media with addition of 
about 1 to 3 % of sera such as calf fetus serum, can also be used preferably. The 
oxygen concentration and pH in the liquid culture medium are preferably adjusted. 
The oxygen concentration in the liquid culture medium is preferably adjusted so that the 
oxygen concentration in the discharged liquid culture medium might be 1 ppm or more. 
More specifically, the oxygen supply per one milliliter volume of the main bioreactor 
unit (culture vessel) is preferably 0.025 to 0.75 ml/minute, particularly about 0.05 to 0.5 
ml/minute. Additionally, the supply velocity of fresh one of the liquid culture medium 
is not specifically limited but is generally about 0.25 to 100 ml/day, preferably about 0.5 
to 50 ml/day per one milliliter volume of the main bioreactor unit (culture vessel). 
Additionally, the circulation velocity of the liquid culture medium is not specifically 
limited but is generally 0.25 to 2.0 L/day, preferably about 0.5 to 1.0 L/day per one 
milliliter volume of the main bioreactor unit (culture vessel). Preferably, the liquid 
culture medium is adjusted to about pH 7.0, using aqueous sodium hydroxide solution, 
carbon dioxide and the like. Further, the temperature of the liquid culture medium is 
preferably adjusted to about 37°C or lower. 

Hepatocyte proliferates while adhering to the surface of the porous carrier and 
to the inner surface of the pore in the porous carrier. The proliferating hepatocyte is 
immobilized on the surface of the porous carrier and the inner surface of the pore in the 
porous carrier and is additionally filled in the void in the porous carrier. The adhesion 
to and proliferation in the porous carrier of hepatocyte can be attained by adding 
hepatocyte to the liquid culture medium to prepare a hepatocyte suspension, and 
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supplying the hepatocyte suspension as a liquid culture medium into the inside of the 
radial flow type bioreactor. When the hepatocyte suspension is supplied in the form of 
the liquid culture medium, the hepatocyte adheres to the surface of the porous carrier 
and to the inner surface of the pore in the porous carrier during the flow of the liquid 
culture medium in contact with the porous carrier, where the hepatocyte proliferates. 

The density of hepatocyte added to the liquid culture medium at the start of 
culture is not specifically limited but is generally about 10 5 to 10 9 cells/ml, preferably 
about 10 6 to 10 7 cells/ml, while the total count of the hepatocyte added to the liquid 
culture medium is appropriately selected, depending on the volume of the main 
bioreactor unit. In case that the volume of the inside of the main bioreactor unit 12 is 
for example 200 ml, appropriately, the total count is generally about 10 7 to 10 10 , 
preferably about 10 5 to 10 9 . About three hours to 12 hours after the thorough 
distribution of the liquid culture medium with addition of hepatocyte throughout the 
main bioreactor unit, the flow of the liquid culture medium is stopped, while the efflux 
of hepatocyte from the main bioreactor unit is blocked, to promote the adhesion of 
hepatocyte onto the carrier. 

Hepatocyte collected from human liver via autopsy and the like and 
proliferated by known plate culture methods and the like may be used as the hepatocyte, 
but so as to attain the proliferation and maintenance of hepatocyte in the bioreactor for a 
long term in a secure manner, preferably, an established cell line of hepatocyte is used. 
Established cell lines of hepatocyte are known. Any of the cell lines can be used. 
Preferable examples of the cell lines include, but are not limited, to FLC-4 (USP No. 
5,804,441; deposited under accession No. FERM BP-5165 at the National Institute of 
Bioscience and Human-Technology), HepG2 (available from ATCC), Huh7 (available 
from Japanese Cancer Research Resources Bank (JCRB)), FLC-1, FLC-2, FLC-3, 
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FLC-5, FLC-6 and FLC-7 (about these FLC series cell lines, see K. Fujise, S. Nagamori, 
H. Kameda et aL, HEPATOLOGY, 8: 1425, 1988; Seishi Nagamori, et ah, HUMAN 
CELL 1(1): 106, 115-118, 120, 123, 1988; Seishi Nagamori, et aL, Current Therapy, 16: 
158-162, 1998; Kawada, M. et aL, In Vitro Cell. Dev. Biol., 34: 109-115, 1998; and 
Satoshi Hasumura, et aL, Artificial Blood, 5, 33-37, 1997; and the like). The inventors 
have made comparative examinations about HCV proliferation potency of plural types 
of hepatocyte lines. It is preferable to use the FLC-4 cell because HCV proliferates 
best in FLC-4 cells. It is suggested that a certain host factor specifically stabilizing the 
mini-gene RNA of HCV to elevate the translation efficiency is present in FLC-4 cells. 

When hepatocyte is cultured for 5 to 15 days after the supply thereof, generally, 
the hepatocyte sufficiently proliferates in a preferable state for infection with hepatitis 
virus. Hepatocyte proliferates in the main bioreactor unit to about 10 8 cells/ml or more. 
In case that the volume of the main bioreactor unit 12 is 200 ml, hepatocyte proliferates 
up to about 2.9 xlO 10 cells in total. 

After hepatocyte proliferation, the hepatocyte is infected with hepatitis virus. 
By the method of the invention, any hepatitis viruses of type A, type B, type C, type D, 
type E, and type G can be proliferated. HCV is particularly preferable. According to 
the method of the invention, plural viruses of different types and plural viruses of 
different lines of an identical type can be proliferated simultaneously. Infection with 
hepatitis virus can be done by allowing a liquid culture medium for supply to contain 
the serum of a chronic hepatitis patient and then supplying it as the liquid culture 
medium. By directly adding the liquid culture medium containing hepatitis virus to 
hepatocyte in the main bioreactor unit, the infection possibility can be enhanced more. 
The volume of the serum of a hepatitis patient for supply is not specifically limited but 
is appropriately about 1/50- to 1/10-fold the volume of the main bioreactor unit. 
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Otherwise, hepatitis virus can be constructed in the hepatocyte. Infectious cDNA 
clone of hepatitis virus can also be injected. In accordance with the invention, thus, 
''infection with hepatitis virus" includes not only infection with complete hepatitis virus 
particle but also infection with an infectious recombinant vector expressing a nucleic 
acid constructing hepatitis virus in hepatocyte. After the hepatitis virus-containing 
liquid culture medium is supplied, further, the supply of fresh one of the liquid culture 
medium or the circulation of the liquid culture medium is stopped, preferably for about 
2 to 24 hours, more preferably for about 2 to 10 hours after the supply of the hepatitis 
virus-containing liquid culture medium; and while fresh one of the liquid culture 
medium is not supplied preferably for about 2 to 48 hours, more preferably for about 6 
to 48 hours thereafter, the liquid culture medium discharged from the top of the main 
bioreactor unit 12 is preferably supplied again as a liquid culture medium into the main 
bioreactor unit 12. In such manner, the infection possibility of hepatitis virus can be 
increased. For about 15 minutes to 4 hours, preferably about 30 minutes to 2 hours 
immediately prior to the infection with hepatitis virus, additionally, the velocity of fresh 
liquid culture medium supply and the velocity of oxygen supply till then are preferably 
increased to about 1.5-fold to 4-fold, preferably about 1.5-fold to 2.5-fold for culture. 
In such manner, the possibility of infection with hepatitis virus can be increased, while 
the cell state can be retained well. After the start of hepatocyte culture, just when the 
oxygen consumption in ppm amounts to about half of the volume in ml of the main 
bioreactor unit ± 30 % (for example, 15 ppm ± 30 % in case that the volume of the main 
bioreactor unit is 30 ml), the culture temperature is gradually lowered to stabilize the 
oxygen consumption. After the oxygen consumption has become stable, the infection 
with the virus as described above is preferable so as to increase the possibility of virus 
infection. In that case, the culture temperature is preferably 28°C to 34°C, more 
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preferably about 29°C to 32°C. The culture after the virus infection is preferably 
carried out at such low temperature, so as to sustain the virus infection and retain the 
cell state well. 

After the treatment for the hepatitis virus infection, the culture of the 
hepatocyte is continued under the conditions described above, so that the hepatitis virus 
proliferates in the hepatocyte and is then contained in the liquid culture medium 
discharged from the liquid culture medium discharge pipe 20, in about 2 to 3 weeks 
post-infection. By subsequently recovering the hepatitis virus from the discharged 
liquid culture medium , the hepatitis virus can be isolated. The isolation of the 
hepatitis virus from the liquid culture medium can be done by general methods using 
filtration using ultrafiltration membrane, centrifugation, gel permeation chromatography 
and the like. 

The method of the invention discloses that even a cell with low adhesivity, 
such as hepatocyte, can be developed and cultured in a three dimension in the same 
fashion as in biological organisms, at a mass scale for a long term. Thus, the invention 
provides a method for culturing a cell with low adhesivity in a three dimension at a 
mass scale for a long term. 

Additionally, the method of the invention is applicable not only to HCV 
described above but also hepatitis viruses such as HBV and HEV and Dengue fever 
virus in hepatocyte. 

The virus proliferated by the method of the invention can be utilized as an 
immunogen for vaccine development and anti-hepatitis virus antibody induction. The 
proliferation system of hepatitis virus in the hepatocyte during culture can be utilized 
not only for recovering hepatitis virus but also for developing therapeutic agents of 
hepatitis, such as protease inhibitor, antisense RNA or antisense DNA or the like. 
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Examples 

The invention will now be described more specifically with reference to 
examples. Herein, the invention is never limited to the following examples. 

Example 1 

(1) Radial flow type bioreactor 

A radial flow type bioreactor of the structure shown in Fig. 1 was prepared. 
Main bioreactor unit 12 and liquid culture medium discharge pipe 20 were made of a 
porous metal-sintered material with a through-hole of a diameter of about 40 jmm. The 
inner volume of the main bioreactor unit 12 was 30 ml. The porous carrier filled in the 
inside of the main bioreactor unit 12 was a porous glass bead (trade name of Siran; 
Schott Glasswerk Co. Ltd., Germany). The glass bead was of a diameter of 0.6 mm, 
where pores were formed in a honeycomb shape in the inside thereof. The glass bead 
was at a void ratio of 50 % and with a surface area of 90 m2/L-matrix and pore 
diameters of 20 to 120 fxm. 18 g of such glass bead was filled in the main bioreactor 
unit 12. Thus, the cell adhesion area was 1500 cm 2 /g-matrix. 

(2) Culture system 

The schematic outline of a culture system including the radial flow type 
bioreactor described above in (1) is illustratively shown in Fig. 2. In the system shown 
in Fig. 2, a fresh liquid culture medium is reserved in fresh liquid culture medium 
reservoir 24 and is transferred with pump 26 into liquid culture medium adjustment 
vessel 28. Agitator 30 is arranged on the liquid culture medium adjustment vessel 28, 
where the oxygen concentration, carbon dioxide concentration and pH of the liquid 
culture medium are adjusted. Additionally, a heating device is arranged on table 31 
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where the liquid culture medium adjustment vessel 28 is mounted, and the heating 
device can adjust the temperature of the liquid culture medium. In NaOH reservoir 32 
is reserved IN NaOH, which is transferred, if necessary, with pump 34 in the liquid 
culture medium adjustment vessel 28, to adjust the pH of the liquid culture medium. 
Alternatively, oxygen bomb 36 and carbon dioxide bomb 38 are connected through flow 
controller 40 to the liquid culture medium adjustment vessel 28. From the oxygen 
bomb 36 and the carbon dioxide bomb 38 are supplied necessary volumes of oxygen 
and carbon dioxide, respectively, to the liquid culture medium adjustment vessel 28. 
The flow controller 40 is connected to microcomputer 42, and the microcomputer 
checks and controls the flows at a frequency of once per 20 minutes. The liquid 
culture medium with the oxygen concentration, carbon dioxide concentration and pH as 
adjusted in the liquid culture medium adjustment vessel 28 is supplied through pump 44 
to the radial flow type bioreactor 10 from the bottom thereof. As described with 
reference to Fig. 1, the liquid culture medium supplied is discharged from the top of the 
liquid culture medium discharge pipe of the radial flow type bioreactor 10. The 
discharged liquid culture medium is reserved through pump 46 in liquid culture medium 
discharge reservoir 48. In the culture system shown in Fig. 2, further, a conduit for 
recycling the discharged liquid culture medium to the culture medium adjustment vessel 
28 is arranged, so that the culture system structurally can again supply the whole or a 
part of the discharged liquid culture medium as a liquid culture medium, on a needed 
basis. Not shown in the figure, the microcomputer 42 is connected to each of the 
pumps, and is also connected to an oxygen concentration meter not shown in the figure 
to assay the liquid culture medium to be supplied to the main bioreactor unit and to an 
oxygen concentration meter not shown in the figure to assay the oxygen concentration 
of the discharged liquid culture medium. The microcomputer 42 is additionally 
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connected to a pH meter and a thermometer, not shown in the figure, as arranged in the 
liquid culture medium adjustment vessel 28. The microcomputer 42 automatically 
controls the oxygen concentration, pH and temperature of the liquid culture medium and 
the supply of the liquid culture medium. 
(3) Inoculation and culture of hepatocyte 

The FLC-4 line as an established hepatocyte line was subcultured in a flask to 
2 x 10 9 cells. After the liquid culture medium flowed in the main bioreactor unit, the 
FLC-4 cell cultured in the flask was added to the liquid culture medium and was then 
supplied into the main bioreactor unit. In such manner, hepatocyte was inoculated. 
Over 6 hours post-inoculation, the pumps 44 and 46 were stopped to prevent the efflux 
of the cell from the main bioreactor unit. Thereafter, fresh one of the liquid culture 
medium was supplied at a flow of 25 ml/day. Additionally, the circulation velocity of 
the liquid culture medium was 10 to 40 L/day. The liquid culture medium was at pH 
7.0 and a temperature of 37°C, while the oxygen concentration therein was 
automatically controlled with a computer, so that the oxygen concentration in the 
discharged liquid culture medium could be 1 to 6 ppm. 

The liquid culture medium was commercially available and was of the 
following composition (all are expressed in unit mg/L). 



NaCl 6000 
MgCl 2 100 
NaH 2 P0 4 125 
ZnS0 4 -7H 2 0 0.01 

D-Glucose 2000 
L-Aspartate hydrochloride salt 200 
L-Alanine 20 
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L-Aspartic acid 20 

Glycine 30 

L-Isoleucine 105 

L-Phenylalanine 67 

L-Ornithine 100 

L-Tryptophan 25 

L- Valine 94 

Uridine 5 

Folic acid 4 

Pyridoxal hydrochloride 4 

Sodium pyruvate 110 

HEPES 1200 

Human transferrin 5 

Phenol red 5 

KC1 400 

MgS0 4 98 

FeS0 4 -7H 2 0 0.8 

CuS0 4 -5H 2 0 0.001 

D-mannose 500 

D-Galactose 200 

Alanyl-L-glutamine 500 

L-Glutamate 20 

Glycyl-L-glutamine 500 

L- Lysine 146 

L-Serine 80 
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L-Threonine 95 

L-Tyrosine 64 

Succinic acid 106 

Choline bitartarate 20 

Inositol 20 

Riboflavin 0.4 

Glycerophosphoric acid 1500 

NaHCOs 1800 

Insulin 5 



The liquid culture medium, to which was added calf fetus albumin at 2 %, was 
used. The cell activity could be confirmed on the basis of the increase in the 
consumption of oxygen and glucose in the liquid culture medium. The oxygen 
consumption was observed to increase smoothly. Herein, furthermore, the oxygen 
consumption was calculated on the basis of the difference between the oxygen 
concentration in the liquid culture medium supplied to the main bioreactor unit 12 and 
the oxygen concentration in the liquid culture medium discharged from the top of the 
main bioreactor unit 12. Additionally, the glucose concentration in the discharged 
liquid culture medium was assayed, using a commercially available glucose 
concentration assay kit. Further, the glucose consumption was calculated on the basis 
of the difference between the assay concentration and the glucose concentration in the 
supplied liquid culture medium. 
(4) HCV infection 

Just when the oxygen consumption reached 15 ppm on day 7 from the start of 
the culture in the reactor, the culture temperature was gradually lowered to 32°C. On 
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day 9 from the start of the culture, when the oxygen consumption by the cell was 
stabilized, HCV infection was done. Prior to HCV infection, the supply volumes of 
the liquid culture medium and oxygen were increased to 2-fold, for one-hour culture. 
Thereafter, HCV infection was done. HCV infection was carried out by dissolving one 
ml of the serum of a patient with chronic type C hepatitis (an infection titer of 5.5 
CID50/ml for chimpanzee) in 10 ml of the liquid culture medium and using the 
resulting liquid culture medium as the liquid culture medium to be supplied into the 
main bioreactor unit, through a pipe not shown in the figure, which is branched from a 
liquid culture medium circulation tube immediately following the top of the main 
bioreactor unit and is in communication with the inside of the main bioreactor unit. 
Over 6 hours since then, the pump was stopped. Starting circulation pump 44, then, 
the whole volume of the liquid culture medium discharged from the top of the 
bioreactor 10 was recycled into the liquid culture medium adjustment vessel 28. 
Without any fresh supply of such culture medium, HCV was cultured for 24 hours. 
Subsequently, the culture was continued in the same manner as described above (herein, 
the culture temperature was 29 to 32°C). 

(5) HCV detection in discharged liquid culture medium 

After the treatment for HCV infection, the culture was again started under the 
general conditions described above. Then, HCV was detected by a general method 
RT-PCR. 

Herein, the nucleotide sequence of the primer for reverse transcription was as 

follows: 

AACACTACTCGGCTAGCAGT 

Additionally, the nucleotide sequences of primers for PCR were as follows. 
First primers are 
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CTGTGAGGAACTACTGTCTT 

and 

AACACTACTCGGCTAGCAGT 
Second primers are 

TTCACGCAGAAAGCGTCTAG 

and 

GTTGATCCAAGAAAGGACCC. 

Further, PCR was carried out for a total volume of 50 jaI at 35 cycles of a 
denaturation step at 94 °C for 45 seconds, an annealing step at 55 °C for 45 seconds and 
an extension step at 70 °C for 60 seconds. 

Consequently, HCV was detected on day 1 to day 2 after the infection 
treatment, but thereafter, no HCV was detected. On day 16 and thereafter, HCV was 
again detected. On day 19 post-infection, HCV reached maximum at 10 4 to 10 5 copies 
/ml. 

HCV RNA was consistently detected throughout the entire 100-day period 
post-infection. The reason why HCV was detected on day 1 to day 2 post-infection 
treatment is believed to reside in that the HCV added and flowing out was detected. 
The reason why HCV was not detected on day 3 post-infection treatment and thereafter 
is believed to reside in that the efflux of HCV was terminated. The reason why HCV 
was again detected on day 16 and thereafter is believed to reside in that HCV after 
infection of hepatocyte was proliferated in the hepatocyte and the resulting proliferated 
HCV was released into the liquid culture medium. 
(6) Nucleotide sequence of HCV 

The nucleotide sequence of the HVR (hyper variable region) of the virus 
detected on day 23 post-infection was examined (see Table 1 hereinbelow). The clone 

23 



occupying the bioreactor mostly as much as 95 % was identical to the major clone Al 
occupying originally 55 to 60 % of the serum of the patient. 

The results are shown in Table 1, so that the results can be compared with a 
blood transfusion example and a chimpanzee example. "RFB (radial flow bioreactor)" 
in Table 1 represents the results of the experiment. Herein, the sequences are shown as 
sequences according to the one-character amino acid expression method. 

The "clone number" in Table 1 represents the numbers of clones recovered 
from the sera of a donor, chimpanzee and a recipient and the number of clones 
recovered from RAD. The numbers of clones recovered from the sera of the blood 
donor and chimpanzee are based on the data of Aizaki et al. 

"W" in Table 1 represents the period in week post-blood transfusion, while "D" 
represents the period in day post-infection. The numerical figures on the amino acid 
sequences in Table 1 represent the positions of the amino acids in HCV protein, while 
the hyphen represents an amino acid identical to the amino acid described on the utmost 
top. 
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Example 2 

The same experiment as in Example 1 was carried out under modified 
conditions. 

(1) Culture system for serum-added liquid culture medium 

The same bioreactor as in Example 1 was used. FLC-4 cell cultured in the 
flask to 1 x 10 9 cells was inoculated in a culture medium vessel under control. Using a 
2 % serum-added culture medium (liquid culture medium) at 50 ml/day, the FLC-4 cell 
was cultured. Then, the oxygen consumption of the FLC-4 cell in the bioreactor was 
gradually increased. On day 30, then, the oxygen consumption amounted to 25 ppm 
(see Fig. 3(A)) and on day 105, the oxygen consumption amounted to 35 ppm. So as 
to block that the dissolved oxygen concentration in the bioreactor backward might be 
below 1.0 ppm during the course, the culture temperature was lowered gradually from 
37°C (see Fig. 3(A)). On day 105, the temperature was lowered to 30°C. The 
albumin in the liquid culture medium was above 75 pig/ml during the course of such 
low-temperature culture, so the activity of the cell was retained. 

Fig. 3(A) depicts the changes of temperature (°C), oxygen concentration (ppm) 
and albumin concentration (\xg/ml) during the culture. In Fig. 3 (A), open circle 
symbol (O) represents temperature (°C); solid circle symbol (•) represents oxygen 
concentration (ppm); and open square symbol (□) represents albumin concentration 
(jxg/ml). The temperature (°C) and oxygen concentration (ppm) are depicted on the 
left scales, while the albumin concentration (jxg/ml) is depicted on the right scale. The 
period in day is shown on the crosswise axis. The numerical figure is as shown in Fig. 
3(C). 

By the same method as in Example 1(5) described above, HCV in the 
discharged liquid culture medium was detected. 
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The results are shown in Fig. 3 (B). In Fig. 3(B), open circle symbol (O) 
represents RNA titer; open square symbol (□) represents that HCV core protein is 
negative; and solid square symbol (■) represents that HCV core protein is positive. 
The longitudinal axis in Fig. 3(B) depicts RNA titer (logio copy number/ml). The 
culture period in day is shown on the crosswise axis. 

Fig. 3(C) depicts the changes of GPT (IU/1), GOT (IU/1) and LDH (IU/1). In 
Fig. 3 (C), solid circle symbol (•) represents GPT (IU/1); open circle symbol (O) 
represents GOT (IU/1); and open square symbol (□) represents LDH (IU/1). GPT 
(IU/1) and GOT (IU/1) are depicted on the left scales, while LDH (IU/1) is depicted on 
the right scale. The period in day is depicted on the crosswise axis. 
(2) Culture system for serum-free liquid culture medium 

Using a serum-free culture medium (liquid culture medium) at 50 ml/day, the 
FLC4 cell was cultured in the bioreactor. 

The results are shown in Figs. 4 and 5. Fig.5 depicts the case of transfection 
with the infectious clone RNA of type la in the bioreactor (see (4) below). 

Fig. 4(A) and Fig. 5(A) depict the changes of temperature (°C), oxygen 
concentration (ppm) and albumin concentration (jxg/ml) during culture. Herein, Fig. 
4(A) never depicts albumin concentration (jxg/ml). In Fig.4 (A) and Fig. 5(A), open 
circle symbol (O) represents temperature (°C) and solid circle symbol (•) represents 
oxygen concentration (ppm). In Fig. 5(A), the open square symbol (□) depicts 
albumin concentration (fmg/ml). The temperature (°C) and oxygen concentration (ppm) 
are depicted on the left scales, and the albumin concentration (|mg/ml) is depicted on the 
right scale. The period in day is shown on the crosswise axis. The numerical figures 
are as shown in Fig. 4(C) and Fig. 5(C). 

By the same method as in Example 1(5) described above, HCV in each 
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discharged liquid culture medium was detected. 

The results are shown in Fig. 4(B) and Fig. 5(B). In Fig. 4(B) and 5(B), open 
circle symbol (O) represents RNA titer; open square symbol (□) represents that HCV 
core protein is negative; and solid square symbol (■) represents that HCV core protein 
is positive. The longitudinal axis in Fig. 4(B) and Fig. 5(B) depict RNA titer (logio 
copy number/ml). The culture period in day is shown on the crosswise axis. 

Fig.4(C) and Fig. 5(C) depict the changes of GPT (IU/1), GOT (IU/1) and LDH 
(IU/1) in the liquid culture medium. In Fig. 4 (C) and Fig. 5 (C), solid circle symbol 
(•) represents GPT (IU/1); open circle symbol (O) represents GOT (IU/1); and open 
square symbol (□) represents LDH (IU/1). GPT (IU/1) and GOT (IU/1) are depicted on 
the left scales, while LDH (IU/1) is depicted on the right scale. The period in day is 
depicted on the crosswise axis. 

For the culture system, the culture temperature was lowered to 35°C for culture, 
on day 5 after the start of the culture, so that the cell could be cultured without 
subculture for a long period as long as 100 days or more (see Fig. 5(A)). During the 
period, the oxygen consumption of the cell was stable at 15 to 20 ppm (see Fig. 5(A)). 

As described above, the hepatoma-derived cell line could be cultured without 
subculture for a period as long as 100 days or more, by culturing in the serum-free 
culture medium or the 2 % serum added-culture medium at a low temperature of 30°C 
to 35°C, using the radial flow type bioreactor. During the period, hepatocyte activities 
as represented by oxygen consumption, glucose consumption and albumin level were 
retained. 

(3) Infection experiment with serum from chronic hepatitis patient 

In the same manner as in Example 1(4), the cell was infected with the serum of 
a chronic hepatitis patient. HCV was detected in the discharged liquid culture medium, 
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in the same manner as in Example 1(5). Consequently, the virus RNA turned once 
negative on day 3 post-infection but subsequently turned positive again. On day 10 
post-infection, the virus reached maximum at 10 3 to 10 4 copies/ml (see Fig. 4(B)). 

In the same manner as in the case of Example 1 described above, HCV RNA 
fell once negative after inoculation but was again increased to turn positive. Therefore, 
infection with the virus and the proliferation thereof were indicated. During the course 
at any of the infection experiments in Examples 1 and 2, additionally, no increase of 
markers of liver disorders, such as GOT, GPT and LDH, was observed (see Fig. 4(C) 
and Fig. 5(C)). 

(4) Transfection experiment with infectious clone 

The transfection with the infectious clone RNA of type la was done in the 
bioreactor (see Fig. 5). Immediately after the transfection, the virus RNA was 
gradually decreased. On day 44, the virus number was less than 10 2 copies/ml. 
Subsequently on day 57, the virus number was increased again to 10 4 copies/ml (see Fig. 
5(B)) and was retained at about 10 3 to 10 4 copies/ml until day 100. Further, the 
transfection was conducted as follows: by the lipofection method, transfection with 10 
[Lig of an infectious clone H77 (Yanagi et al., 1998, Proc Natl Acad Sci USA. Aug 5: 
94(16): 8738-43) was done in the same manner as for the patient serum described above, 
while stopping the circulation tentatively. Herein, the transfection by the lipofection 
method was carried out, specifically, as follows. 

10 fxg of RNA in vitro synthesized from the H77 was mixed with 1 ml of 
OptiMEM and 150 ul of lipofectin, and the resulting mixture was left to stand at 
ambient temperature for 15 minutes. Subsequently, the inside of the reactor was 
sufficiently filled with OptiMEM, into which the RNA was injected. 

Additionally, the core protein was gradually increased in the culture 
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supernatant and reached maximum on day 44 (see Fig. 5(B)). The core protein was 
assayed by immunoassay. For more specific description, the virus particle in the liquid 
culture medium is precipitated with a precipitation reagent into a precipitate fraction, 
which is then collected and dispersed in a dispersion reagent. After treatment with an 
antibody reagent and a neutralization reagent, the HCV core protein binds to an 
anti-HCV core protein monoclonal antibody on the tube, to form a complex. After 
unreactive substances are rinsed off, a peroxidase-labeled anti-HCV core protein 
monoclonal antibody is added to the complex on the tube. Then, the monoclonal 
antibody binds to the complex. After unreactive substances are rinsed off, a solution 
of HPPA is added to generate a fluorescent substance via the peroxidase enzyme bound 
on the tube, followed by irradiation of an excitation beam of 323 nm to emit 
fluorescence, which is assayed at 410 nm. The concentration is calculated on the basis 
of a standard curve preliminarily prepared using standard solutions. 

So as to confirm the presence of the core protein, further, the liquid culture 
medium on day 96 post-transfection was concentrated to 200-fold and was then 
fractionated by a method on a 10 - 60 W/W% sucrose gradient, to assay HCV RNA and 
HCV core protein in the individual fractions. 

The results are shown in Fig. 6. In the graphs in the lower part of Fig. 6, open 
circle symbol (O) represents HCV RNA titer (logio copy number/ml); and solid circle 
symbol (•) represents the concentration (pg/ml) of HCV core protein. In the graphs 
in the upper part of Fig. 6, solid square symbol (■) represents the density (g/ml) of the 
core protein. 

Consequently, the peak of the core protein was measured on the density 
gradient at two positions of about 1.07 and 1.18 g/ml. It is indicated that the core 
protein is shown on a curve with two peaks. This indicates the presence of the virus 
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particle in the liquid culture medium. 

Additionally, after the liquid culture medium on day 88 and day 44 
post-transfection was treated with RNase, HCV RNA could be detected by nest-RT 
PCR. Thus, the presence of HCV RNA protected in the virus particle is revealed (see 
Fig. 7). The nucleotide sequences of the primers used for the nest-RT PCR are 

CTGTGAGGAACTACTGTCTT, AACACTACTCGGCTAGCAGT 
for the forward side; and 

TTCACGCAGAAAGCGTCTAG, GTGATCCAAGAAAGGACCC 
for the reverse side. 

The results are shown in Fig. 7. Fig. 7 depicts the liquid cultures on the 
previous day of culture (day -1) and on days 8 and 44 during culture, a control serum 
and a control RNA are shown from the left, individually in three lanes, namely a lane 
without RNase treatment (RNase-) or no nest-RT PCR treatment (RT-), a lane without 
RNase treatment (RNase-) but with nest-RT PCR treatment (RT+) and a lane with 
RNase treatment (RNase +) and nest-RT PCR treatment (RT+). The numerical figure 
on the top of Fig. 7 represents the period of culture in day; the symbols +- depicted on 
the top represent the presence (+) and absence (-) of the nest-RT PCR treatment; and the 
symbols on the bottom represent the presence (+) and absence (-) of RNase treatment. 
The numerical figure in the longitudinal direction in Fig. 7 represents the number of 
bases (-mer). 

Because minus chain RNA could be detected within the cell on day 110 
post-transfection by the RT PCR method using a tag, the presence of a virus replication 
intermediate within the cell was suggested (see Fig. 8). The RT PCR was specifically 
carried out as follows. The nucleotide sequences of the primers for use in the RT 
PCR are 
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TCTTGGTGGCGAATAAGCCATGGCGTTAGTAT, 
for reverse transcription reaction; and 
TCATGGTGGCGAATAA 

and 

CGCGGCAACAAGTAAA 
for the forward side and reverse side, respectively of PCR reaction. 

The results are shown in Fig. 8. In Fig. 8, M depicts marker; N in the lane 1 
depicts control with cell (-) where neither negative strand RNA nor positive strand RNA 
is present; (-) RNA in the lane 2 represents the case with addition of negative strand 
RNA and (+) RNA in the lane 3 represents the case with addition of positive strand 
RNA. Cell in the lane 4 represents the case of HCV-infected cell cultured in RFB. 
The numerical figure in the longitudinal direction in Fig. 8 represents molecular weight. 
Consequently, the presence of the negative strand RNA was observed in the cultured 
cell after infection. 

The nucleotide sequence of HVR during the culture course was compared with 
the original infectious clone. On days 25, 71 and 106, mutations were observed about 
one base, 2 bases and 2 bases, respectively. Throughout the culture course, no 
tendency of convergence into a specific nucleotide sequence or no accumulation of 
mutation was observed. The results are shown in Table 2. The results are shown in 
the column "RFB (radial flow bioreactor)" in Table 2. Further, the sequences are 
expressed as sequences according to the one-character amino acid expression method. 

The "clone number" in Table 2 represents the number of clones recovered from 
the liquid culture medium. 

The "D" in Table 2 represents the period in day after infection. 

The numerical figure above the amino acid sequence in Table 2 represents the 
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position of the amino acid in HCV protein, and the hyphen represents an amino acid 
identical to the amino acid described on the utmost top. 
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As described above, the transfection with the infectious clone of type la was 
carried out in the bioreactor. Successfully, HCV replication was confirmed in the 
following five ways: 1) the re-increase of the virus RNA; 2) the increase of the core 
protein; 3) the presence of the virus RNA in the particle; 4) the presence of the 
intracellular virus replication intermediate; and 5) the mutation of the nucleotide 
sequence. As to the liver disorders involved in the virus proliferation, no apparent 
increase of GOT, GPT or LDH was observed during the course (see Fig. 5(C)). 

Industrial Applicability 

The invention provides for the first time the culture and proliferation method of 
hepatitis virus outside biological organisms, and hepatitis virus has been believed to 
involve difficulty in the culture thereof outside biological organisms. The invention 
provides materials not only for research works on hepatitis virus but also for research 
works and development of the therapeutics and prevention of hepatitis virus infectious 
diseases and the mechanism thereof. More specifically, the invention provides an 
approach for yielding the virus essential for research works and development of a 
therapeutic agent of viral hepatitis by simple procedures. 

Further, the method of the invention provides a method for proliferating the 
virus, so as to elucidate the proliferation mechanism and mutation mechanism of the 
virus. 

As described above, the invention provides a method for stably supplying a 
necessary quantity of the virus, not only for research works about the profile of the virus 
but also for the research works and development of a method for therapeutically treating, 
preventing and treating the viral infectious diseases. 
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CLAIMS 

1. A method for proliferating a hepatitis virus, characterized by 

making a liquid culture medium flow around the periphery of a carrier being 
placed in a culture vessel and capable of immobilizing a cell with low adhesivity 
thereon, 

immobilizing and proliferating the cell with low adhesivity on the carrier, and 
allowing the cell under culture to be infected with a hepatitis virus to 
proliferate the hepatitis virus. 

2. A method according to claim 1, where the carrier is a particulate porous carrier. 

3. A method according to claim 1 or 2, where the cell with low adhesivity is 
hepatocyte. 

4. A method according to any one of claims 1 to 3, where the cell with low 
adhesivity is an established cell. 

5. A method according to claim 5, where the hepatitis virus is HCV. 

6. A method according to any one of claims 1 to 5, where the flow of the liquid 
culture medium around the periphery of the carrier is a flow from the outer periphery of 
the culture vessel toward the center thereof. 

7. A method for proliferating a hepatitis virus, characterized by 

allowing hepatocyte maintained in a radial flow type hepatocyte bioreactor to 
permit a liquid culture medium to flow from the periphery of the main bioreactor unit 
placing therein a particulate porous carrier immobilizing thereon the hepatocyte toward 
the center thereof, to be infected with a hepatitis virus, and 

continuously allowing the liquid culture medium to flow from the periphery of 
the main bioreactor unit toward the center thereof to culture the hepatocyte to thereby 
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proliferate the infectious hepatitis virus in the hepatocyte. 

8. A method according to claim 7, where the hepatocyte is of an established cell 
line. 

9. A method according to claim 8, where the established cell line is the FLC-4 
line (FERM BP-5165). 

10. A method according to any one of claims 7 to 9, where the infection with the 
hepatitis virus is carried out by adding the hepatitis virus to the liquid culture medium, 
the method being characterized by 

a step of adding the hepatitis virus to the liquid culture medium and 
subsequently circulating the culture medium used under no supply of any fresh one of 
the culture medium, and 

a step of subsequently stopping the flow of the liquid culture medium and 
circulating the culture medium used under no supply of fresh one of the culture 
medium. 

11. A method according to any one of claims 7 to 10, characterized in that the 
supply velocity of fresh one of the culture medium and the supply velocity of oxygen 
are increased more than those velocities till then, prior to the addition of the hepatitis 
virus to the liquid culture medium. 

12. A method according to any one of claims 7 to 11, where the hepatitis virus is 
hepatitis type C virus. 

13. A proliferation apparatus of a hepatitis virus, characterized in that the apparatus 
is a radial flow type hepatocyte bioreactor having 

a main bioreactor unit capable of allowing a liquid culture medium to flow 
from the periphery to the center thereof, 

a liquid culture medium supply conduit supplying the liquid culture medium to 
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the periphery of the main bioreactor unit, 

a particulate porous carrier placed in the inside of the main bioreactor unit to 
immobilize hepatocyte thereon, and 

a liquid culture medium discharge conduit positioned in the inside of the main 
bioreactor unit for discharging the liquid culture medium from the main bioreactor unit. 

14. A proliferation apparatus according to claim 13, which is a proliferation 
apparatus of hepatitis type C virus. 

15. A method for proliferating a cell with low adhesivity, characterized by 
making a liquid culture medium flow around the periphery of a carrier capable 

of immobilizing thereon the cell with low adhesivity in a culture vessel placing therein 
the carrier, and 

immobilizing and proliferating the cell with low adhesivity on the carrier. 

16. A method according to claim 15, where the proliferation is three-dimensional 
proliferation. 

17. A method according to claim 15 or 16, where the cell with low adhesivity is 
hepatocyte. 

18. A method according to anyone of claims 15 to 17, where the cell with low 
adhesivity is an established cell. 

19. A method according to any one of claims 15 to 17, where the hepatitis virus is 
HCV. 

20. A method according to any one of claims 15 to 19, where the flow of the liquid 
culture medium around the periphery of the carrier is the flow from the outer periphery 
of the culture vessel toward the center thereof. 
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ABSTRACT 



A method for proliferating a hepatitis virus such as HCV and an apparatus 
therefor. A method of proliferating cells (for example, hepatocytes), which are less 
adhesive to a carrier, in a large amount over a long time. More particularly, the above 
method comprises infecting hepatocytes, which are maintained in a radial flow type 
hepatocyte bioreactor consisting of a main bioreactor unit containing the hepatocytes 
carried on a particulate porous carrier and a liquid culture medium flown from the 
periphery of the main bioreactor unit toward the center thereof, with a hepatitis virus; 
continuously flowing the liquid culture medium from the periphery of the main 
bioreactor unit toward the center thereof; and thus proliferating the hepatitis virus in the 
hepatocytes thus infected. 
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(54) Title: METHOD AND APPARATUS FOR PROLIFERATING HEPATITIS VIRUS 



(57) Abstract: A method for proliferating a hepatitis virus such as 
HCV and an apparatus therefor. A method of proliferating cells (for 
example, hepatocytes), which are less adhesive to a carrier, in a large 
amount over a long time. More particularly, the above method com- 
prises infecting hepatocytes, which are maintained in a radial flow type 
hepatocyte bioreactor consisting of a main bioreactor unit containing 
the hepatocytes carried on a particulate porous carrier and a liquid cul- 
ture medium flown from the periphery of the main bioreactor unit to- 
ward the center thereof, with a hepatitis virus; continuously flowing 
the liquid culture medium from the periphery of the main bioreactor 
unit toward the center thereof; and thus proliferating the hepatitis virus 
in the hepatocytes thus infected. 
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FIG. 4 
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. Docket No. 56972 (71 526) 

Declaration and Power of Attorney for Patent Application 
English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 

"METHOD AND APPARATUS FOR PROLIFERATING HEPATITIS VIRUS" 



the specification of which 
(check one) 

[ ] is attached hereto. 

[X] was filed on February 20, 2002 as United States Application No. or PCT 

Application No. 10/049,986 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, Section 
1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d) or Section 
365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of any PCT 
International application which designated at least one country other than the United States, listed below 
and have also identified below, by checking the box, any foreign application for patent or inventor's 
certificate or PCT International application having a filing date before that of the application on which 
priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

11-233647/1999 Japan 20 August 1999 [ ] 

(Number) (Country) (Day/Month/Year Filed) 



(Number) (Country) (Day/Month/Year Filed) ' " 

[ ] 



(Number) (Country) (Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 1 19(e) of any United States provisional application(s) 
listed below: 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 

I hereby claim the benefit under 35 U.S.C. Section 120 of the United States application(s), or Section 
365(c) of any PCT International application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph of 35 U.S.C. Section 1 12, I 
acknowledge the duty to disclose to the United States Patent and Trademark office all information known 
to me to be material to patentability as defined in Title 37, C.F.C., Section 1 .56 which became available 
between the filing date of the prior application and the national or PCT International filing date of this 
application: 

PCT/JP00705582 21 August 2000 Pending 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

David G. Conlin Reg. No. 27,026 

George W. Neuner Reg. No. 26,964 

Linda M. Buckley Reg. No. 31,003 

Peter J. Manus Reg. No. 26,766 

Peter F. Corless Reg. No. 33,860 

Cara Z. Lowen Reg. No. 38,227 

William J. Daley, Jr. Reg. No. 35,487 

Christine C. O'Day Reg. No. 38,256 

Robert L. Buchanan Reg. No. 40,927 

David E. Tucker Reg. No. 27,840 

Lisa Swiszcz Hazzard Reg. No. 44,368 

John B. Alexander Reg. No. 48,399 

Steven M. Jensen Reg. No. 42,693 

Richard Roos Reg. No. 45,053 



Send Correspondence to: Peter F. Corless 

_ EDWARDS & ANGELL, LLP 

CitLH^ar IV % P.O. BOX 9169 

Boston, Massachusetts 02209 
USA 



Direct Telephone Calls to: 
(name and telephone number) 



Peter F. Corless 

Telephone: (61 7) 439-4444 

Facsimile: (617) 439-41 70 



Full name of sole or first inventor 
Seishi NAGAMORI 


Sole or first inj^ntor's signature ^ 


Date: 

May 21, 2002 


Residence 4 
Japan 


Citizenship 
Japan 


Post Office Address 
3-42-3, Shiba, Minato-ku; 




Tokyo 105-0014, JAPAN [J 
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SEQUENCE LISTING 
Ol0> Japan Science and Technology Corporation 

<I20> METHOD AND APPARATUS FOR PROLIFERATING HEPATITIS VIRUS 

<130> JA904421 

<150> JP 11-233647 
< I 5 1 > 1 999-08-20 

<160> 5 

<210> 1 
< 2 1 1 > 20 
< 2 1 2 > DNA 

< 2 1 3 > Artificial Sequence 

<223> primer used for synthesizing cDNA of hcpatitic C virus by reverse t 
ransc r i pt ion 

<400> 1 

aacaclactc ggctagcagt 20 

<210> 2 
< 2 1 1 > 20 
<212> DNA 
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<213> Artificial Sequence 

<223> primer used for amplifying by PCR hepatitis C virus cDNA 
<400> 2 

ctgtgaggaa ctactgtctt 20 

<210> 3 
< 2 1 1 > 20 
<212> DNA 

<213> Artificial Sequence 

<223> primer used for amplifying by PCR hepatitis C virus cDNA 
<400> 3 

aacactactc ggctagcagt 20 

<210> 4 
< 2 1 1 > 20 
<212> DNA 

<213> Artificial Sequence 

<223> primer used for amplifying by PCR hepatitis C virus cDNA 
<400> 4 

tlcacgcaga aagegtctag 20 

<210> 5 • 
< 2 1 1 > 20 
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<2 12> DNA 

<213> Artificial Sequence 

<223> primer used for amplifying by PCR hepatitis C virus cDNA 
<400> 5 

gttgatccaa gaaaggaccc 20 
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United States Patent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 




Application deficiencies found during scanning: 



□ Page(s) 

for scanning. 



of 



(Document title) 



were not present 



□ Page(s) 

for scanning. 



of 



(Document title) 



were not present 
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